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Abstract

Purpose: To describe the clinical characteristics of multilayered optic disc hemorrhages, which are defined as subretinal, superficial retinal and subhyaloid or vitreous hemorrhages in adolescents.
Methods: Case records of adolescents with acute multilayered optic disc hemorrhages were identified and evaluated retrospectively from 1994 to 2012. The appearance of the hemorrhages including the size, location, extension, and disc anatomy, were recorded. Fluorescein angiography, visual ﬁeld examination and spectral-domain optical coherence tomography were performed in select cases. 

Results: Nine boys and seven girls were included with a mean age of 15.0 ± 2.6 years. No precipitating factor was identified such as involuntary Valsalva maneuver in the majority of patients (93.75%). All eyes were myopic with an average refraction of -4.64 ± 1.88 diopters. Fifteen (93.75%) of the affected optic discs were crowded and tilted with small cups. Peripapillary subretinal hemorrhages were all crescent in shape and located at the nasal disc. Eight (50%) eyes had marked subretinal blood extension exceeding one disc diameter away from the disc edge. Superficial flame hemorrhages were predominantly located in the superotemporal part of the disc. Spectral-domain optical coherence tomography of the disc showed vitreopapillary traction and obvious subretinal hemorrhage with increased thickness. All multilayered optic disc hemorrhages resolved spontaneously.

Conclusions: Multilayered optic disc hemorrhages in adolescents more commonly affect myopic eyes with crowded and tilted discs. The visual outcome is excellent.
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Text

Introduction

Multilayered optic disc hemorrhage (MODH) composed of subhyaloid (or vitreous) hemorrhages associated with peripapillary subretinal hemorrhages and superficial flame hemorrhages (Figure 1) was first described in 1975 as a complication of posterior vitreal detachment.1 Acute visual symptoms of floaters or blurring, the specific composition of the hemorrhages, myopes with crowded and tilted discs, and excellent visual outcomes are the main characteristics of MODH.1-3 However, in some cases the hemorrhages are strikingly large and may alarm the clinician because MODH is rarely reported and not recognized by most ophthalmologists. Furthermore, crowded and tilted discs may lead to a misdiagnosis of papilledema, especially in adolescents who should not in general have posterior vitreal detachment that early in life. As a result, costly radiological studies and invasive procedures (such as lumbar puncture) may be performed causing unnecessary physical and mental suffering. Therefore, we conducted this study to describe the clinical characteristics of MODH in adolescents 
Materials and methods 
We conducted a retrospective chart review of patients younger than 20 years of age who had MODH identified at Changhua Christian Hospital in Taiwan between 1994 and 2012. Institutional Review Board/Ethics Committee ruled that approval was not required for this study. This research adhered to the tenets of the Declaration of Helsinki. A total of 16 eyes in 16 patients were included in this study. All of them had acute visual symptoms of floaters or blurring due to subhyaloid (or vitreous) hemorrhage. Associated peripapillary subretinal hemorrhage and superficial flame hemorrhage were also found during fundal examination in these cases.  
The age and gender of the patients, their past ocular history, refraction, best corrected visual acuity (BCVA), as well as the presenting visual symptoms and possible precipitating events were collected. All cases underwent fundus photography for the appearance of MODH, and the type, size, location and extension of the disc hemorrhages, disc anatomy, presence of any fundal characteristics in the diseased eye and in the fellow eye were also recorded for all patients. The extension of the hemorrhage was grossly estimated using disc diameter, and the size of the hemorrhage was estimated using disc area.
Further examinations including fluorescein angiography, visual ﬁeld examination and spectral-domain optical coherence tomography (OCT) were performed in select cases. Spectral-domain OCT (Cirrus HD-OCT; Carl Zeiss Meditec, Inc., Dublin, CA) was first available at Changhua Christian Hospital in 2008. So we investigated some fresh cases using spectral-domain OCT after 2008. The patients were followed up at our clinic for at least 3 months to 6 years. 
Results  

MODH was noted in 16 eyes of 16 patients (9 boys and 7 girls). Their ages ranged from 10 to 19 years, with a mean of 15.0 ± 2.6 years (Table 1). All of the patients were healthy adolescents who came to our clinic for help with acute onset symptoms of floaters or blurring. None of them were taking antiplatelet medications or had a history of head trauma or bleeding disorders. No vigorous straining or exercise was mentioned except for one boy (case 10) who had participated in a tug-of-war competition 4 days prior to the onset of symptoms. No precipitating factor such as involuntary Valsalva maneuver was identified in the majority of patients (93.75%). Most patients had the MODH for less than 3 days at initial examination.
Eleven right eyes and 5 left eyes had MODH, all of which were myopic. Spherical equivalents greater than -3D were noted in 13 eyes (81.25%). And spherical equivalents greater than -6 D (high myopia) were noted in 5 eyes (31.25%). The average refraction was -4.64 ± 1.88 diopters, ranging from -1.5 to -7.5 diopters, and all of the eyes had a presenting BCVA of 0.8 or better. The demographic data of the patients and characteristics of MODH are shown in Table 1. Color photos of all 16 cases of MODH are illustrated in Figure 2. 

Subhyaloid (or vitreous) hemorrhages were noted in all eyes. Two eyes had subtle bleeding before the disc, 5 eyes had blood clots limited to the inferior pre-papillary subhyaloid space, and 9 eyes had blood extending to the pre-macular area forming a boat-shaped hemorrhage at the inferior vascular arcade in 4 eyes (case 6, 9, 10, and 12) (Figure 2).
The peripapillary subretinal hemorrhages were all crescent in shape and located at the nasal disc margin. Most subretinal hemorrhages (93.8%) had superior quadrant and nasal quadrant involvement, while 4 eyes (case 1, 2, 6, and 14) ranged more into the inferior quadrant. The extension of the subretinal hemorrhages was within one disc diameter in 8 eyes, while the other 8 eyes had blood extension exceeding one disc diameter away from the disc edge. 
Superficial flame hemorrhages were predominantly located in the superotemporal and/or superonasal part of the disc, and they covered the entire disc in 5 eyes. They were limited to the intrapapillary area in 4 eyes (case 7, 8, 11, and 16) and extended beyond the disc margin as an extrapapillary hemorrhage in the other 12 eyes. The size of the flame hemorrhages was more than one disc area in 10 (62.5%) eyes (Figure 2).
Fifteen (93.75%) optic discs of the MODH eyes were crowded and tilted with small or absent cups, and the optic discs in the fellow eyes were similarly crowded and tilted. Early pathological changes of myopia including tessellated retinas and temporal crescents were found in 11 cases (68.75%) in both MODH eyes and in the fellow eyes.
Spectral-domain OCT of the discs showed vitreopapillary traction and obvious subretinal hemorrhages with increased thickness (Figure 3). With blood clots in the subhyaloid space, it was difficult to clearly define a posterior vitreal detachment by spectral-domain OCT in the acute stage of MODH, and it only became detectable after blood absorption in the follow-up examination.

All hemorrhages spontaneously resolved without aggressive treatment after 1 to 3 months, and the BCVA improved to 1.0 in all cases. There were no cases of recurrence during the follow-up period, and none of the patients required any vitreoretinal procedures.
Discussion
Multilayered optic disc hemorrhages (MODH) are composed of peripapillary subretinal hemorrhages, superficial flame retinal hemorrhages and subhyaloid (or vitreous) hemorrhages, and they have unique and consistent clinical features. Subretinal hemorrhages are located at the nasal disc margin, and superficial flame retinal hemorrhages occur predominantly at the superior hemidisc.2, 3 Bleeding into the subhyaloid (or vitreous) space may be subtle or prominent, and cause acute symptoms of floaters, shadows, or blurred vision. 
Disc hemorrhages in one single layer require careful clinical evaluation in order to achieve the correct diagnosis from a spectrum of serious disease entities. Peripapillary subretinal hemorrhages have been described in patients with optic disc drusen4-6 and subretinal neovascularization in several peripapillary pathologies such as advanced angioid streaks and choroiditis.7 Superficial flame hemorrhages around the disc have been reported in cases of glaucoma, papilledema, ischemic optic neuropathy, optic neuritis, and retinal venous occlusion.8-10 Awareness of the clinical appearance of congenital disc anomalies is also important in the differential diagnosis.11 Subhyaloid (or vitreous) hemorrhages before the disc have been reported in critical cases of intracranial hemorrhage (Terson’s syndrome).12 Furthermore, the pattern of retinal hemorrhage associated with increased intracranial pressure in children is most peripapillary distributed and invariably located adjacent to a swollen optic disc.13 MODH is harmless with a good visual prognosis, and all of the hemorrhages resolved spontaneously without sequelae in the current study. If the actual diagnosis is not recognized, it may lead to unnecessary neurological evaluations or even intracranial surgery. However, it’s noteworthy that not all disc hemorrhages are indeed benign and the challenge then is for the clinicians to evaluate such patients carefully and rationalize investigations.
Most cases of MODH have small crowded and tilted disc in the diseased eye and also in the fellow eye. A crowded and tilted disc mimics papilledema which may lead to a misdiagnosis. However, MODH is a virtually benign ocular syndrome without systemic correlations, and no invasive diagnostic tests such as lumbar puncture or brain imaging studies are necessary.
The pathogenic mechanisms of MODH are controversial. Cibis et al. suggested that MDH is a complication of posterior vitreal detachment.1 Katz et al. found that the posterior vitreous body was separated from the retina but remained attached to the disc, and postulated MODH as a sign of vitreopapillary traction.2 In addition to vitreous traction, Kokame et al. suggested that acute disc edema and the Valsalva maneuver are triggers to initiate bleeding because ultrasonography and time-domain OCT do not demonstrate vitreopapillary traction in the acute stage.3, 14 Sibony et al. proposed that an interplay of ocular motor forces, scleral thinning, and vitreopapillary traction acting on a morphologically vulnerable optic disc explains these hemorrhages.15
The coexistence of ongoing posterior vitreal detachment and the resulting vitreopapillary traction was clear in the young patients in the current study, as evidenced by marked subhyaloid blood clots present in the hyaloid space. With blood clots in the subhyaloid space, it is difficult to clearly define a posterior vitreal detachment by OCT in the acute stage of MODH. Posterior vitreal detachment often becomes detectable after blood absorption during follow-up. 
Uchino et al. used high-resolution spectral-domain OCT to demonstrate incomplete or partial posterior vitreal detachment beginning as early as the fourth decade of life in healthy human eyes.16 Age-related posterior vitreal detachment occurs initially as a focal detachment in the perifovea of one quadrant, with persistent attachment to the fovea and optic nerve head and a predilection for the superior quadrant. The range can extend slowly for years. We previously reported a similar mechanism of posterior vitreal detachment and vitreopapillary traction causing rhegmatogenous retinal detachment in myopic teenagers.17-19 Taken together, these studies suggest that fluid in the potential hyaloid space is possible in teenagers, and that partial posterior vitreal detachment and vitreopapillary traction can begin as early as the second decade of life in certain cases, especially in myopes. In our series, spectral-domain OCT is also a useful diagnostic tool that allows for the careful assessment of vitreoretinal relationships, which cannot be well visualized on biomicroscopic examinations.
Early pathological myopic changes including temporal crescents and tessellated retinas seem to be common (68.75%) in these teenagers after absorption of the hemorrhages. It is noteworthy that these pathological findings should be obvious after progressive axial elongation and scleral ectasia in myopic eyes of adults during aging.20 Kobayashi et al. also reported that myopic fundus changes were uncommon (33.8%), and only peripapillary crescents were observed in children less than 8 years of age.21 
There are currently few reports focusing on MODH in young persons in the literature. Katz et al. reported 8 patients including 2 Asian boys with myopia.2 Sibony et al. reported 10 patients including 3 Caucasian girls with myopia.15 Kokame et al. reported a 14-year-old patient without mention of the refraction,3 making a total of 6 cases of youngsters mostly with myopic eyes. In our retrospective study, we evaluated 16 youngsters and all were myopes. Myopia is therefore probably a risk factor for this specific kind of hemorrhage. MODH occurred spontaneously in the majority of patients (93.75%) and may be precipitated by the Valsalva maneuver (case 10).
In conclusion, the subretinal hemorrhages in the current study all appeared on the nasal aspect of tilted discs and all in myopic eyes. No invasive diagnostic tests such as lumbar puncture or brain imaging are necessary for MODH. The clinical course is often benign and the prognosis is generally favorable. Though the number of cases in our study is limited, it’s the largest collection comparing with the literature database. MODH is relatively uncommon and, as the degree of involvement varies from case to case, a randomized, prospective study would probably not be feasible. Nevertheless, studies with more cases and a longer follow-up period are mandatory to confirm the long-term impact on the vision of adolescents, especially those associated with high myopia.
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Legends for Illustrations
Figure 1. The clinical characteristics of multilayered disc hemorrhages are defined as (1) subretinal hemorrhage, (2) superficial retinal hemorrhage and (3) subhyaloid or vitreous hemorrhage. A subretinal hemorrhage located nasally.
Figure 2. The composite color photos of all 16 cases of MDH.

Figure 3. The OCT of the disc of a 12-year-old girl (case 2) showed the vitreopapillary traction and obvious subretinal hemorrhage with increased thickness.
